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Quality of Steel 


THERE are few questions which are of more 
importance to metallurgists and users of metal than 
that which relates to the quality essential to enable a 
material to fulfil its functions, the most economical 
method of attaining that quality, and the best means 
of ensuring that it has been attained. The Revue de 
Métallurgie, in recent issues, has published a paper 
read by Professor A. Portevin* at a congress held at 
Liége last year, and entitled ‘‘ Le Qualité de l’acier 
et les aciers de qualité.” The paper contains a com- 
prehensive review of the factors which contribute to 
high quality in steel, and a plea is made for the use 
of terms describing these factors in a well-defined 
and, if possible, quantitative sense. Only with such 
information can statistical records of behaviour have 
any value. 

The notion of quality is intimately linked up with 
the service value of the steel. Experience, and 
experience alone, decides what tests are desirable and 
what values are appropriate to ensure the necessary 
quality in a particular steel for a particular purpose. 
The user requires quantitative tests, with results 
expressible numerically, on which to base hisjudgment. 
He is not concerned with the original causes of good. 
or bad quality. The maker, on the other hand, must 
seek to define and control the factors on which 
quality depends. These factors include chemical 
composition, mechanical properties obtained by the 
usual tests, and the more complex properties, difficult 
to define and to measure, but of great importance for 
specific purposes, such as grain size and cleanliness, 
aptitude (according to requirements) for forging, 
rolling, cold-drawing, hardening, polishing, &c., 
susceptibility to overheating or to chemical attack, 
utility as a cutting tool or for resistance to abrasion. 

Professor Portevin considers these factors in some 
detail. Chemical composition is employed in two 
ways as an expression of the character of a steel. 
There is the demand for the presence of special 
elements in useful quantities and the requirement 
that certain other elements, regarded as impurities, 
shall be below a fixed maximum percentage. The 
first defines the type of steel, and only the second is 
concerned with its intrinsic quality. The definition 
adopted for alloy steels is “steels to which special 
elements have been intentionally added,” the line 
of demarcation between carbon and alloy steels being 
drawn at manganese or silicon 1 per cent., nickel or 
tungsten 0-5 per cent., chromium, copper, molyb- 
denum, or aluminium 0-25 per cent., and vanadium 





* Revue de Métallurgie, 1940, 37, 37-47, 61-70. 





0-125 per cent., to which may be added sulphur or 
phosphorus 0-1 per cent. As in the case of sulphur 
in free cutting steels and phosphorus in certain corro- 
sion-resisting structural steels, elements usually con- 
sidered as impurities and as damaging to quality may 
be useful. Conversely, elements which are normally 
regarded as tseful may become very harmful in special 
connections ; for example, carbon in 18 : 8 chromium- 
nickel steel, silicon in deep drawing steels, nickel in 
tool steels, and in nitriding steels. To the maker the 
relation between composition and properties is of 
prime importance, but in ordinary specifications 
limits are imposed only for impurities easy to estimate 
chemically, while those which require more difficult 
or tedious processes are ignored. Judged by the 
ordinary analytical data, chemical purity as a means 
of assessing quality may be misleading to the user. 
The maker, however, knows that of equal or greater 
importance is a knowledge and control of the oxygen 
content and the amount of the other gaseous elements 
present in the steel. He realises, moreover, that 
the impurities must not be considered individually, 
but in association with one another and with other 
elements; for example, the effect of oxygen and 
aluminium, sulphur and manganese, oxygen, silicon 
and manganese, &c., must be assessed jointly. 

In France the user generally prefers to define the 
mechanical properties desired, as sufficient (apart 
from special requirements) for assessing the service 
value of the steel. Such properties are the resistance 
opposed to deformation (i.e., elastic limit, tensile 
strength and hardness) and the capacity for deforma- 
tion (i.e., elongation and reduction of area under 
static conditions and the notched bar impact value 
under dynamic conditions). In considering these 
properties there has often been a tendency to look 
for a “figure of merit,” by which relative quality 
can be judged or expressed. Professor Portevin 
reviews some of the formule which have been pro- 
posed. They mostly depend on simple empirical 
expressions involving tensile strength and elongation 
(or, better, reduction of area), hardness, notched 
bar impact value, &c. These attempts to combine 
the data for each steel into a simple numerical index 
value are generally acknowledged to be failures, 
except within very narrow limits of tensile strength. 
Comparisons of the total work done in fracture, either 
statically in the ordinary tensile test or dynamically 
in an impact tensile test, as frequently used in 
America, are also misleading on, account of the pre- 
dominant effect of the ductility factor on the value 
obtained. Better than any such attempt to assess 
the quality of the steel is the direct comparison of 
one set of/ properties (for example, capacity for 
deformatidh) when another property (for example, 
tensile strength) is kept constant. The relationship 
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of the results of these tests to service value is not 
definable a priori, but must be determined from care- 
fully compiled and judiciously interpreted statistics. 

While the resistance to deformation is of direct 
value to the designer, the significance of capacity for 
deformation is for most purposes much more obscure. 
The importance of very high ductility can be over- 
emphasised. As Charpy has stated, a metal with an 
impact value of 20 mkg. per square centimetre is not 
necessarily better than one giving only 10. Other 
properties being equal, two such steels may, for a 
given practical requirement, be strictly equivalent 
to one another. Nevertheless, it is pointed out by 
Professor Portevin that the characteristics of ductility 
and deformability under stress represent a measure 
of the perfection and uniformity of the steel, and as 
such furnish guarantees of the metallurgical tech- 
nique involved in its production. From this point of 
view the impact value seems to be the most sensitive 
indication of quality. This applies especially to the 
transverse impact figure. If a series of steels of 
increasing quality is produced by increasingly 
thorough deoxidation and desulphurisation, and the 
steels then undergo identical mechanical treatment 
and are all treated to give the same tensile strength, 
it is found that both longitudinal and transverse 
impact values, pe, and pr, improve, but the increase 
in 1, at first rapid, falls off, while that in pz, at first 
slow, increases rapidly. In other words, there is an 
improvement both in p, and py and in their ratio 
r=pr/pL, so the pr=p, Xr increases by increase in 
both factors simultaneously. The maximum quality 
is characterised by a maximum in pz or r. Thus, 
impact figure can be regarded as a criterion of quality 
independently of the minimum value actually required 
in use. 

By way of conclusion Professor Portevin refers to 
three problems which at different times have con- 
fronted the steel industry. The first is the manu- 
facture of high-grade steels from pure and carefully 
selected raw materials. This problem was solved 
long ago with remarkable results in many directions, 
but production by this method can only be main- 
tained at high and increasing cost. A more difficult 
achievement is the economic manufacture of steels 
of good commercial quality from impure and plentiful 
raw materials. This also was solved by the well- 
known basic processes of large-scale production of 
steel, the scope of which has been enlarged in recent 
years by various desulphurising processes. Finally 
there is the problem of the manufacture of high-grade 
steels from impure and abundant raw materials. 
This is an urgent need of the present day, and, 
according to Professor Portevin, there is no reason 
why products should not be obtained comparable with 
those made from raw material of high purity. In 
particular he refers to the Ugine-Perrin process, in 
which the purifying effect of the slag is enormously 
accelerated by the formation of an intimate mixture 
or emulsion between molten steel and slag, thus 
increasing the surface of reaction. By this process 
oxygen content is rapidly reduced to about 0-002 per 
cent. or less, while sulphur and phosphorus may fall 
to 0-01 per cent., a standard comparable with that 
obtainable in steels made from Swedish charcoal 
iron. The quality ig reflected also in the mechanical 
properties. For example, a nickel-chromium-molyb- 
denum steel made in the electric furnace gave a 
tensile strength of over 46 tons per square inch with 
a transverse impact figure of over 6, but rarely attain- 
ing 10 mkg. per square centimetre. By making use 


of the Ugine-Perrin process it was possible to obtain, 





with a tensile strength of 48 tons per square inch, a 
transverse impact figure of 12 and even 16 mkg. per 
square centimetre. Details of the charge are not 
given and these tests are, of course, not in them- 
selves a guarantee of the efficacy of the method of 
manufacture. They, however, indicate the possi- 
bility of extending the use of low-grade raw materials. 

An essential first step is to be able to produce 
metal of satisfactory quality, but Professor Portevin’s 
paper is a reminder that behaviour in service is far 
from being dependent on the quality of the metal 
alone. Apart from its intrinsic quality, the type of 
steel used and its heat treatment, the design and 
execution of the finished product, its suitability for 
the demands made on it, the condition of its surface, 
&e., are all factors which powerfully affect actual 
behaviour. 








Oil-Hardened and Tempered 
Manganese Steels 


METALLURGISTS have long since ceased to regard 
manganese as a minor necessary constituent in carbon 
steels, and have devoted considerable attention to its 
specific influence on mechanical properties. The 
influence of manganese content on the effectiveness 
of a hardening and tempering treatment applied to 
carbon steels is well known.! In the range of approxi- 
mately 1 to 2 per cent. it should be regarded as a 
valuable alloying element and there is great scope for 
the use of steels of this composition in suitable 
instances. The importance of the high-manganese 
carbon steels was recognised in Germany during the 
last war,? and although they have never been ignored 
in any steel-producing country, their importance is 
now being reaffirmed for economic reasons. In a 
report on the heat-treatable manganese steels con- 
taining silicon, chromium or vanadium, H. Kallen 
and F. Meyer® show how the displacement of nickel 
from high-tensile alloy steels in Germany has been 
followed by the displacement of molybdenum, for 
instance, in chromium-molybdenum steels. The 
properties of a variety of heat-treated steels containing 
neither nickel nor molybdenum are collected together 
in the table. For each steel something like a hundred 
tests were carried out with a range of tempering 
treatments. The results for yield point, elongation, 
and reduction of area were plotted against the tensile 
strength, and the ranges of these values corresponding 
to the observed limits of tensile strength are recorded. 
The results represent the mean line through the 
scattered values. For a given tensile strength the 
yield point of steel I, for example, was found to vary 
by +2-5 tons per square inch, the elongation by 
+3 per cent., and the reduction of area by +5 per 
cent. Thus, for this steel treated to give a tensile 
strength of 50 tons per square inch in the sizes men- 
tioned, the yield point might vary from 31-5 to 
36-5 tons per square inch, the elongation from 20-5 to 
26-5, and the reduction of area from 54 to 64 per cent. 
In the manganese steels the ratio of yield point to 
maximum load improves with increasing manganese. 
By raising the manganese limit, high tensile strength 
can be obtained in material of greater cross section, 
with satisfactory yield point and no serious reduction 
in ductility. 

Manganese-silicon steels of type V show equal 
depth hardening and are less readily softened by 
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tempering than the plain manganese steels. They 
have a higher resistance to wear, and even with a high 
yield ratio show good elongation and reduction to 
area. For uniformity of properties in forgings of 
larger dimensions a steel of lower carbon and silicon 
content and therefore of lower tensile properties 
(steel VI) has been found suitable. Reference is also 
made to two silicon steels (VII and VIII) of relatively 
low manganese content. These are recommended for 
constructional parts which require high resistance to 
wear. Together with the manganese-silicon steels 
they really approximate to spring steel compositions, 
but with the somewhat lower carbon proposed and the 
higher tempering temperatures applied (500 deg. to 





these (steel XI) the well-known influence of vanadium 
in raising the yield point, increasing the depth of 
hardening, and refining the grain was clearly shown. 
A detailed investigation of a crankshaft made of one 
of these steels showed good properties throughout and 
extreme uniformity in the results both of longitudinal 
and of transverse tensile and impact test pieces. 

It is claimed that these results show that there is 
at the disposal of the steel maker a variety of steels 
which, within the range of tensile strength 40 to 
70 tons per square inch, show good yield points and 
acceptable values of elongation, reduction of area, and 
impact figure. Such steels, it is held, are suitable 
substitutes for the chromium-molybdenum steels 


Applications and Tensile Tests Cag of Different Manganese Steels, all Oil-hardened (Except Steel I, which was 
Water Quenched) and Tempered 





Change in other properties 











Composition, per cent. re of | corresponding to this range. 
tensile 
No. | Type of Application and | strength, Yield Elonga-| Reduc- 
steel. size. - tons per point, tion tion 
Carbon. Silicon. | Manganese. | Chromium. square inch. tons per |(l=5 d),| of area, 
square inch.| p.c. {per cent. 
I Mn_‘|0-43 to 0-47/ Under 0-35|0-70 to 0-90) —_ Crankshafts up to/47-6 to 58-4/30-5 to 42-5/26 to 18) 64 to 48 
60mm. diameter 
II Mn_|0- 24 to 0-28/0-15 to 0-40/0-90 to 1-15 oa Driving shafts and/29-8 to 42-5|16-5 to 28-6/30 to 24! 72 to 57! 
other parts, 0-5 
to 3 tons weight 
III Mn +32 to 0-37/0-20 to 0-35)1-20 to 1-40 —- Bars of 60 mm. to0/39-4 to 53-3)/24-1 to 39-4/28 to 18) 68 to 52 


0 
IV Mn_|0-39 to 0:45/0-15 to 0-40)1-40 to 1-70 _ 
v Mn-Si |0-35 to 0-45/1-20 to 1-50)1-20 to 1-50 —_ 
VI | Mn-Si |0-30 to 0-37/0-70 to 1-00}1-20 to 1-50 _— 


vII* Si -30 to 0-38/1-10 to 1-50)/0-60 to 0-80 _— 


o 


VIII* Si 


o 


-40 to 0-48)1-10 to 1-80/0-50 to 0-80 _ 


IX | Mn-Cr |0-40 to 0-48} Under 0:35 |0-80 to 1-00/0-90 to 1-10 
X |Mn-Si-Cr/0-35 to 0-45/0- 90 to 1-20/1-30 to 1-50)1-00 to 1-20 


XI | Mn-V 0-40 _— 1-65 V 0-15 

















3 
150 mm. diam. 

Bars of 60 mm. to/46-3 to 59-0/33-0 to 45-7/24 to 16} 64 to 48 
100 mm. diam. 

Bars of 60 mm. to/47-6 to 61-6 
100 mm. diam. 

Turbine and com-}36-2 to 52-7 
pressor shafts of 
100 mm. to 250 
mm. diam. 

Toothed wheels,/36-2 to 49- 520-3 to 31-1/29 to 21) 64 to 52 
bevel gears, 40 
mm. to 100 mm. 
thick 

Wheels, pinions,/42-5 to 55-9/25-4 to 36-8/27 to 18) 56 to 41 
toothed wheels, 
40 mm. to 100 
mm. thick 

Bars up to 80 mm.|48-9 to 62: 2/36-2 to 48-3/22 to 13} 64 to 50 
diam. 

Bars, 150 mm. to|52:1 to 67-9/36-2 to 54:0/16 to 6) 57 to 40 
300 mm. diam. 

Crankshafts with|55-2 to 71-1/41-9 to 62- 8/19 to 10) 59 to 48 
trunnion, 60 mm. 
to 100 mm. diam. 


33-6 to 49- 5/23 to 17| 59 to 43 
19-0 to 36- 8/30 to 17) 68 to 51? 




















* Circumferential tests. 
2mm. diameter and 2 mm. deep. 
notch 2 mm. diameter and 3 mm. deep. 


600 deg. Cent.) they have proved serviceable for 
various constructional purposes. 

The manganese-chromium steels harden more 
deeply than the manganese-silicon steels. They, also, 
are widely used as spring steels, but their good pro- 
perties in the form of heat-treated bar (steel IX) make 
them useful on frequent occasions for constructional 
purposes. The manganese-chromium-silicon steels 
(X) originated by combining the alloy additions 
already dealt with, in an attempt at further develop- 
ment of the low-alloy high-tensile constructional 
steels. A product of development on similar lines in 
the untreated structural steels with lower carbon, 
chromium, and silicon is well known as ‘‘ Chromansil.”’ 
There is a tendency for steels of type X, when treated 
to give a high tensile strength, to show low values of 
elongation and reduction of area, and for this reason 
the manganese-vanadium steels are preferred. In 


- Impact value, 9 mkg. to 16 mkg. per square 
2 Impact value, 6 mkg. to 12 mkg. per square 








“3, + 





10x 10x 55 mm., with notch 


‘© on sp 
10x 10x 55 mm., with 


‘6 on sp 





conforming to DIN 1663. In coming to this con- 
clusion the authors do not discuss in detail either mass 
effect or temper brittleness, on both of which the 
presence of molybdenum is known to have a con- 
siderable effect. They define the sizes in which the 
steels mentioned are applicable and they indicate that 
the tempering treatment should be followed by cooling 
in oil. 

The properties of all the steels in the table are well 
known and some of them have received wide applica- 
tion in this country. The addition of silicon and of 
chromium to manganese steels is, however, not 
generally regarded as a desirable way of improving 
the properties of manganese steels for constructional 
purposes. High-silicon steels are more likely to show 
banding and inferior transverse properties. Manga- 
nese-chromium steels are much more liable to non- 
uniformity of properties as a result of variations in 
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the rate of cooling than manganese-nickel steels, and 
it would appear that manganese-molybdenum steels 
offer undoubted advantages over all those described. 
The experience described in this paper indicates, 
however, that in face of necessity the high-manganese- 
carbon steels with suitable careful treatment can be 
successfully applied to a wide variety of purposes. 
REFERENCES 

1 For an example of the effect of increasing manganese from 
0-67 to 0-81 per cent., see B. Thomas, Heat Treating and 
Forging, March, 1940, 26, 124. 

2 G. Mars, Stahl und Eisen, 1918, 38, 567; E. Kothny, Stahl 
und Eisen, 1919, 39, 1341. 

3 Tech. Mitt. Krupp: Forsch. Ber., 1939, 2, 215; Stahl und 
Eisen, February 22nd, 1940, 60, 162. 








Transformations in Manganese 
Steels 


THE investigations by F. Wever and his co-workers 
at the Kaiser Wilhelm Institut, Diisseldorf, on the 
influence of rate of cooling on the transformations of 
alloy steels* have been extended by F. Wever and 
K. Mathieuf to steels containing 1-8 to 4-8 per cent. 
of manganese and a carbon content of up to 1-4 per 
cent. The method employed was to follow the course 
of the transformations at constant temperatures by 
magnetic measurements and so deduce the maximum 
rate of transformation at a given temperature. The 
specimens were heated at 1000 deg. Cent., then 
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Fic. 1—Maximum Rate of Transformation in Relation to Tem- 
perature, and the Martensitic Point of Steel Containing 
Carbon 0:49, Manganese 3-34 Per Cent. 


quenched to, and held at, the required temperature. 
A rise in magnetic saturation value with time indi- 
cates the progress of the transformation. At each 
temperature the curve shows a characteristic slope 
indicating the rate of change of magnetic saturation 
value with time, 7.e., the rate of transformation at 
that temperature. When these rates of transforma- 
tion are plotted against the corresponding tempera- 
ture it is found that the transformations occur in 
three stages. For example, Fig. 1 represents the 
data derived from a study of steel containing carbon 
0-49, manganese 3-34 per cent. The maximum rate 
of pearlite transformation occurred at 550 deg. Cent. 
Below 475 deg. Cent. this pearlite change was replaced 
by the intermediate change which reached a maximum 
at 400 deg. Cent. At about 180 deg. Cent. and below 
there was a very rapid change of austenite to 
martensite. Thus the steel behaved in the same way 
as a chromium steel, the temperatures, of course, 





* Seo Tue METALLURGIST, 1939-40, Vol. 12, pages 18, 87 
and 105. 
t Mitt. K.W. Inst. fiir Risenforschung, 1940, 22, 9. 





being different with different compositions. The 
shaded line indicates the upper limit of the tempera- 
ture at which martensite is formed when the rate of 
cooling exceeds the critical cooling velocity of the 
steel. The maximum rate of transformation of both 
the pearlite change and the intermediate change are 
dependent on the manganese and carbon contents, but 
the temperatures at which these changes occur are 
not affected. Only the martensite change is depressed 
by increasing carbon and manganese. For example, 
the following values are derived from curves given in 
the paper, including Figs. 1 and 2 as here reproduced. 

















Composition. Temperature (deg. Cent.) of the 
- maximum rate of transformation. 
Carbon, {Manganese, 
percent. | percent. | Pearlite. Inter- Martensite. 
mediate. 
1-25 4-57 600 + 0 
1-02 4-78 600 = 40 
1-02 3-10 600 450 90 
1-06 1-94 575 450 110 
0-49 3-34 550 400 190 
0-49 2-64 575 425 240 
0-47 2-06 575 450 250 
0-40 1-81 600 400 300 
0-10 4-02 — 450 390 














Thus, independently of carbon and manganese 
content, the pearlite change occurs at 550-600 deg. 
Cent. and the intermediate stage at 400-450 deg. 
Cent., the former tending to be eliminated in a high- 
manganese steel when the carbon is low and the latter 
when the carbon is high. The martensite points are 
reduced both by carbon and by manganese content. 
They were found to lie on the surface joining the 
martensite line for the iron-carbon alloys with the 
line of the irreversible y—« transformation in the 
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Fic. 2—Influence of Manganese Content on the Transformation 
Velocity of Steels Containing Carbon About 0-5 Per Cent 


iron-manganese system. The simplified reproduction 
of the original diagram (Fig. 3) will indicate the 
approximate position of the martensite point for 
different carbon and manganese contents. 


CARBIDE FORMATION 


The compositions of the carbides separating in the 
pearlite and at the intermediate stage are different. 
After transformation at 655 deg. Cent. the Curie 
point of the carbide was 135 deg. Cent., whereas 
after transformation at 400 deg. Cent. it was much 
more distinct and coincided with the Curie point of 
cementite at 210 deg. Cent. 
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From this and other evidence it was deduced that 
in the transformation of austenite into pearlite part 
of the manganese forms manganese carbide, Mn,C, 
and the higher the transformation temperature the 
greater is the proportion of manganese in the carbide 
formed. On the other hand, when the transformation 
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Fic. 3—Temperature (Deg. Cent.) of the Martensite Points of the 
Iron-manganese-carbon Alloys 


occurs at the intermediate stage the carbide which 
separates is iron carbide practically free from manga- 
nese, and the manganese remains in the ferrite. A 
parallel behaviour is shown by chromium steels. It 
is probably this change in the constitution of the 
carbide which gives rise to an anomaly in the hardness 
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Fic. 4—I. Hardness Values of Steel Containing Carbon 1-06, 
Manganese 1-94 Per Cent., in Relation to Temperature of 
Transformation. II. Characteristic Curve of Maximum Rate 
of Transformation in Relation to Temperature 


of the high-carbon steels transformed at successively 
lower temperatures (Fig. 4). The hardness first 
rises with falling transformation temperature within 
the pearlite stage and reaches a maximum when the 
steel transforms at 570 deg. Cent., then falls again 
until the intermediate change exceeds the pearlite 





change in velocity. It is at this temperature that, 
according to the magnetisation curves, participation 
of manganese in carbide formation ceases and the 
carbide formed is Fe,C. As the transformation tem- 
perature is lowered within the intermediate stage the 
hardness again rises considerably towards that of the 
fully hardened martensitic steel. 


THE UNDERCOOLING DIAGRAM 


In Fig. 5 the dotted lines show the iron-carbon 
diagram. Sections through the iron-carbon-manga- 
nese ternary system at constant manganese content 
within the limits under consideration are similar. 
The equilibrium diagram shows the transformation 
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Fic. 5—Undercooling Diagram of Manganese Steels (Diagram- 
matic and Subject to Variation with Manganese Content). 
Ty— ga Temperature of the y—>a Transformation in the 
Binary Iron-manganese System 


temperature for the limiting case of an infinitely slow 
cooling rate. Even with a relatively slow rate of 
cooling the pearlite change suddenly drops to a tem- 
perature region of 600-550 deg. Cent., that is, to the 
temperature of the maximum value of the trans- 
formation velocity in isothermal observations. This 
is shown by the line marked “ pearlite stage ” in the 
diagram. This line is thickened towards the high- 
carbon end to indicate that the change occurs more 
readily in high-carbon steels. Separation of carbide 
rich in manganese causes a corresponding reduction of 
manganese content in the austenite and so facilitates 
the transformation. On the other hand, the pearlite 
change in steels with, say, 3 to 5 per cent. manganese 
and carbon below 0:3 per cent. is so slow that it is no 
longer found at ordinary rates of cooling. 

The martensite point of carbon steels, shown by 
the dotted line Ar’, is depressed by manganese to a 
lower temperature indicated by the continuous line. 
The temperature of the martensitic change has 
already been referred to (Fig. 3). When carbon is 
absent it begins at the temperature of the irreversible 
y—« transformation in iron-manganese alloy in 
question, and for each manganese content it falls 
with increasing carbon. 

The transformation at the intermediate stage is 
recorded by a line parallel to the abscissa. It occurs 
at the temperature of the y—a« transformation in 
the corresponding iron-manganese alloy free from 
carbon. Thus with a sufficiently small manganese 
content it merges into the pearlite point. The 
carbon content is without influence on the tempera- 
ture of the intermediate transformation, but a high 
carbon content suppresses the change. The inter- 
mediate and martensitic stages tend to coincide when 
carbon is nil; they separate more and more as the 
carbon content increases, and the intermediate stage 
is progressively suppressed. The diminution in the 
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extent of the intermediate change at high carbon 
content is represented by the reduced thickness of 
the line in the diagram. Both transformations are 
completed at a temperature well below that at which 
they begin, and this is indicated in Fig. 5 by shading 
below the intermediate and martensitic lines. 

A study was made of the structure of the steels 
transformed at different temperatures. As in other 
alloy steels, e.g., chromium steels, the intermediate 
change was characterised by the formation of an 
acicular pseudo-martensitic structure. Mechanical 
properties of the steels transformed in the inter- 
mediate stage are not given, but by analogy with 
chromium steels they would be expected to be inferior 
to those obtained by martensitic transformation 
followed by tempering. 








Permanence of the Quench- 
Age-Hardening of Mild Steel 


THE phenomenon of quench-age-hardening of soft 
steel is very well known from the work of W. Késter, 
Davenport and Bain, Andrew and Trent, and others. 

While there is no final agreement about the explana- 
tion of strain-age-hardening, quench-age-hardening 
is generally regarded as a precipitation-hardening 
effect due to the deposition of iron carbide from its 
supersaturated solution in «-iron. Most of the work 
carried out on this subject deals with specimens which 
have been aged for only a few months and the question 
has been raised as to what happens after the lapse of 
many years. It is well known that if the steel is held 
at a raised temperature (for example, 100 deg. Cent.) 
the hardness increases to a maximum and then falls 
off again It was the object of H. Wilhelm and J. 
Reschka,* in carrying out prolonged ageing tests on 
low-carbon steels which had been quenched from 
below Ac,, to ascertain whether ageing at room tem- 
peratures was characterised by a similar effect. 

They studied eight steels (four derived from the 





copper constituent, which in any case requires a 
raised temperature. After they had been normalised 
the steels were reheated at 650 deg. Cent. and 
quenched in water. They were then stored at 
18+1-5 deg. Cent. and their hardness measured first 
at frequent intervals and later at longer intervals for 
a total period of about five years. The results are 
shown in the curves in Figs. 1 and 2. They clearly 
indicate that after reaching a maximum hardness in 
a period varying from 20 to 100 days all the steels 
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Fic. 1—Brinell Hardness of Steels 677 to 679 and 810 to 812 
when aged after quenching from 650 deg. Cent. 


show a gradual fall in the hardness curve. The hard- 
ness as normalised, the maximum value reached on 
ageing after quenching from 650 deg. Cent., and the 
hardness after 1000 and 1500 days are given in 
Table I. The general course of the curves after a long 
period of ageing seemed to be nearly linear, but there 
was not enough evidence to show whether this was 
really so or whether the hardness was approaching a 
limiting value. 

When considered in relation to carbon content of 


TaBLE I.—Composition and Brinell Hardness of the Steels 























Brinell hardness number. 
Steel No. C, Mn, ‘ Ss, Cu, Quenched from 650 deg. Cent. 
percent. | percent. | percent. percent. | percent. | Normal- 

ised. And aged| And aged | And aged 

max. /|1000 days./1500 days. 
677/79 Top ... 0-11 0-21 0-015 0-050 0-28 111 195 167 156 
Ditto Bottom 0-075 0-19 0-015 0-036 0-26 107 197 166 152 
810/12 Top ... 0-10 0-17 0-020 0-062 0:25 104 196 164 156 
Ditto Bottom 0-070 0-16 0-020 0-036 0-25 100 188 161 149 
| See 0-22 0-38 0-015 0-040 0-26 126 163 149 _ 
B. 0-04 0-40 0-020 0-030 0-25 107 160 144 ~- 
2 0-085 0-41 0-030 0-038 0-25 111 163 151 = 
R. 0-05 0-50 0-020 0-033 0-16 109 189 162 156 























top and bottom of two ingots), the composition 
and properties of which are given in Table I. All the 
steels contained copper, but, except in steel R, the 
copper was between 0-25 and 0-28 per cent., and so 
was almost constant. Moreover, it was below the 
amount required to produce precipitation of the 





* Archiv fiir das Eisenhiittenwesen, December, 1939, 1939-40, 
13, 273. 





the steel it was found that after quench-ageing the 
maximum Brinell hardness (nearly 200) was reached 
at 0:07-0:10 per cent. of carbon. This was equivalent 
to more than an 80 per cent. increase on the 
normalised condition. With 0-22 per cent. of carbon 
the increase was less than 30 per cent. of the 
normalised figure. The fall in hardness after 1000 


days, expressed as a percentage of the maximum 
reached by the steel, was between 30 and 35 per cent. 
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in nearly every case. Time appeared to be the only 
factor of importance, and the action a softening effect 
common to all the steels examined. 

A confirmation of the annealing influence of pro- 
longed storage was given by tensile tests on steels 
A, B, and C and by notched bar impact tests on 
steel C. Results are given in Table II. The rise and 
subsequent fall in tensile strength is numerically 
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Fig. 2—Brinell Hardness of Steels A,B,C,and R when aged after 
quenching from 650 deg. Cent. 


proportional to the variation in Brinell hardness. 
The yield point rose more and fell less in proportion 
than the tensile strength, 7.e., there was a progressive 
rise in the yield ratio up to 1000 days. Elongation 
and notched bar impact figure gave similar indica- 
tions, first falling and then rising again after pro- 
longed ageing. 

Quench-ageing is not a process employed for 
improving the properties of structural mild steel, and 
therefore the lack of permanence of the maximum 
hardening effect of the ageing process is not of 








Case-Hardening Steels Containing 


Manganese 


Tue desirability of avoiding the use of nickel in 
Germany has led to the general replacement of 
nickel-chromium steels by chromium-molybdenum 
steels. Thus the standard high-tensile case-hardening 
steel ECMo 100 (tentative standard DIN 1663) con- 
tains carbon 0-17 to 0-22, silicon not more than 0:35, 
manganese 0-8 to 1-1, chromium 1-0 to 1-3, molyb- 
denum 0-20 to 0-30 per cent., with a tensile strength 
of 110kilos. to 145kilos. per square millimetre 
(70 to 92 tons per square inch). Attention is called 
by H. Schrader and F. Briihl* to the possibility of 
eliminating the molybdenum by the use of a manga- 
nese case-hardening steel to which additions of 
chromium, silicon, or vanadium have been made to 
increase the hardenability. They advise making the 
most of carbon case-hardening steel with raised carbon 
content for thicknesses up to 10mm. For greater 
cross sections, up to 60 mm. square, the addition of 
an alloy element is necessary to attain the requisite 
core strength. An increase in manganese content 
alone is not advisable since the desired strength is 
only reached with the relatively high manganese 
content of 2:2 per cent., which makes the carburised 
layer susceptible to overheating on hardening, and 
introduces difficulties in the manufacture of the steel 
in the form of a tendency to contamination by silicate 
inclusions. Moreover, the ductility of the man- 
ganese-rich steel in the hardened condition is only . 
moderate. Itis therefore desirable to limit the man- 
ganese content to about 1-5 per cent. and to raise the 
hardenability and improve the properties of the core 
by the addition of silicon, vanadium, or chromium. 

Manganese-silicon steels with 1-4 per cent. of 
silicon are unsuitable, on account of their lower 
toughness, when the core is severely stressed and 
their use is limited to parts mainly subject to wear. 
Increase in core strength by a vanadium addition of 
0-2 per cent. was insufficient. With higher vanadium 


TaBLe II.—Mechanical Properties of Steels A, B, and C 


























Quenched from 650 deg. Cent. 
Steel. Normalised. 
And aged And aged 
maximum. 1000 days. 
A Ultimate stress, kilos. per sq. mm. 46-6 57-4 53-8 
Yield point, kilos. per sq.mm. ... 31-4 41-9 39-9 
Elongation (l= 200d), per cent. 26-5 17-0 19-0 
B Ultimate stress, kilos. per sq. mm. 36-9 56-1 50-9 
Yield point, kilos. per sq. mm. ... 26-1 45-1 41-8 
Elongation (l= 200d), per cent. 30°5 16-0 18-0 
Cc Ultimate stress, kilos. per sq. mm. 40-0 56-4 52-1 
Yield point, kilos. per sq. mm. 30-1 43-4 41-7 
Elongation (l= 200 d), per cent. 29-0 17-0 19-0 
Notched bar impact figure, mkg. per sq. em. 14-8 7-6 9-6 





practical importance. The demonstration that soften- 
ing actually occurs as a sequel to the hardening 
process at room temperatures brings the effect into 
line with what is known to occur at slightly raised 
temperatures and indicates that aggregation of the 
precipitated particles by diffusion of carbon must be 
taking place even at room temperatures. 











the formation of difficulty soluble carbide diminished 
the maximum hardness of the case. The manganese- 
chromium steels were more suitable and gave pro- 
perties somewhat similar to those of the chromium- 
molybdenum steels, ECMo 100. Tests on several 
types of manganese-chromium steel are shown in 
the table. They have been rearranged in order of their 


* Tech. Mitt. Krupp, Forsch-Ber., 1939, 2, 207; Stahl und 
Hisen, 1940, 60, 76. 
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tensile strength, and it will be seen that yield point, 
elongation, reduction of area, and impact value bear 
a regular relation to tensile strength, which in turn 
depends on carbon content and on the proportion of 
chromium to manganese. With low manganese 
(steel 1) the strength is insufficient; the same applies 
on account of low carbon content to steels 2 and 5. 
Moreover, steel 6 with 0-16 per cent. of carbon barely 
gives the necessary strength, though its properties 
are in other respects good. In steel 3, in spite of a 
carbon content of 0-21 per cent. and the high manga- 
nese content of 2-14 per cent., the chromium addition 
of 0-58 per cent. is obviously still too low. A com- 
parison of steels 3 and 6 shows that from the point of 
view of toughness it is better to secure the high 
tensile strength of the core by increasing the chromium 
than by raising the carbon content. If in a steel 
corresponding to the composition 3 the chromium is 
raised as in steel 4, the properties required by the 
specification for the chromium-molybdenum steel 
are met. A minimum carbon is, however, essential 
since steel 6 with a higher total manganese+ chromium 
and only 0-16 per cent. carbon is too soft. On the 
other hand, the tensile strength of steel 7 with carbon 





Books and Publications 


Engineering Physical Metallurgy. By R. H. Heyer. 
Medium 8vo. Pp. viii+549. 1940. London: 
Chapman and Hall, Ltd. 25s. 

THE attention now directed by writers on metal- 

lurgical subjects to the needs of the users of metals 

is a welcome indication of increasing co-operation 
between metallurgists and engineers. This volume 
is designed to aid those non-metallurgical students 
who wish to improve their acquaintance with engi- 
neering metals and alloys. The method of treatment 
chosen by the author is well adapted for this purpose. 

As an introduction he deals in two short chapters 

with Pure Metals and the Principles of Alloying, 

and with this background of theory he enters on a 

description of White Metals, Light Alloys, Die 

Castings, Copper and its Alloys, Iron and Carbon 

Steels, Alloy Steels, Surface Treatment of Steel, 

Steel Castings, Welding, Cast Iron, High Alloy 

Steels, and Tool Steels. The non-ferrous section 

of the book comprises about 110 pages and that 


Properties of Manganese-chromium Steels, Oil-hardened from 830 Deg. Cent. in Sections 60 mm. Square. 


Silicon, 
per cent. 


Steel| Carbon, 


Manganese, 
per cent. 


Chromium, 
per cent. 


Yield point, 
tons per 
square inch. 


Ultimate 
stress, tons 
per square 


Elongation, 
per cent. 
(l=5d). 


Reduction 
of area, 
per cent. 


No. per cent. 


inch, 





| 


— 





ed 














1 
2 
5 
3 
6 
4 
7 


46-6 
50-0 
60-1 
67-9 
68-5 
82-9 
94°3 














| 


* Mesnager test piece. 


0-24 per cent. is unduly high, with a marked fall in 
elongation, reduction of area, and impact value. 
Thus, for a core strength of 70 to 92 tons per square 
inch in an alloy steel of this type, the carbon content 
should lie between the limits 0-17 and 0-23 per cent. 

In manufacture and in response to carburising 
treatment the manganese-chromium case-hardening 
steels behave like the chromium-molybdenum steels. 
Variation in hardening temperature between 800 deg. 
and 840 deg. Cent. does not influence the core strength 
and the quenching temperature may therefore be 
somewhat lower than for chromium-molybdenum 
steel. Overheating in hardening the carburised layer 
of eutectoid composition was observed to begin at 
about the same temperature as for chromium- 
molybdenum steels, viz., 880 deg. to 890 deg. Cent. 
Manganese-chromium steel was rather more suscep- 
tible to overheating than manganese-vanadium steel, 
which will only just show overheating at 920 deg. 
Cent., but less susceptible than a plain manganese 
steel containing 1-7 to 2-2 per cent. of manganese, 
the carburised case of which must not be heated for 
hardening above 820 deg. Cent. 

It appears from this work and that of H. Kallen 
and F. Meyer,t which is said to be based on the 
experience of four or five years, that manganese- 
chromium steels of suitable composition are satis- 
factory high-tensile case-hardening steels, and it is 
also claimed that as compared with chromium- 
molybdenum steels they are rather less affected by 
differences in cross section. 

+ Tech. Mitt. Krupp, Forsch-Ber., 1939, 2, 215. 








dealing with ferrous products about 380 pages. 
A very wide range of alloys is described, with a 
record of their specific properties, structure, effect 
of mechanical and heat treatment, &c. The metal- 
lurgical aspects of various processes, e.g., machining, 
welding, and protective treatment against corrosion 
are adequately dealt with. 

It is only fair to state that the book is essentially 
American in style and scope, and this may be a 
disadvantage in the opinion of some readers in this 
country. Thus, the specifications quoted are 8.A.E. 
or A.S.T.M. standards, all stresses are given in 
pounds per square inch ; American costs are quoted ; 
Fahrenheit temperatures are frequently used, as 
also is the term “drawing,” though “ tempering ”’ 
is said to be preferred, and most of the numerous 
references are to American journals. These references, 
however, are to easily accessible publications, con- 
taining extended treatment of almost every topic 
discussed in the book. Authoritative recent articles 
are cited rather than publications containing details 
of the. original investigations. The wide range of 
subjects covered has already been indicated, and the 
book can be trusted to provide concise and accurate 
information on each of them, amplified by an indica- 
tion as to where further information is to be found. 
Engineers and others who desire to gain a knowledge 
of recent developments in metallic materials of 
construction will immediately find much in this 
volume that is of value and interest, and will wish 
to retain it as a useful book of reference dealing 
specially with American practice. 





